Mycorrhizal fungi have their most significant effect on plant growth and have shown to reduce arsenic contamination to chili. The present experiment was carried out to determine the influence of AMF inoculation on plant growth, nutrient uptake, arsenic toxicity, and chlorophyll content of chili grown in arsenic amended soil. Chili was grown in arsenic amended soils with or without mycorrhizal inoculation. Three levels of arsenic concentrations (10 ppm, 100 ppm, and 500 ppm) were used. The seed germination was affected more by the two treatment variables. Root length, shoot height, root fresh weight, shoot fresh weight, root dry weight, shoot dry weight were higher in AMF inoculated plants in comparison to their respective treatments and decreased significantly with the increase rate of arsenic concentrations. Less arsenic content, higher chlorophyll, and nutrient uptake were recorded in mycorrhiza inoculated chili plants. The present findings indicated that AMP inoculation not only minimize arsenic toxicity, but also can increase growth and nutrient uptake of chili.
Introduction
Arsenic (As) is a ubiquitous metalloid that is introduced into the environment from both anthropogenic and geochemical sources (Smith et al., 1998) . In Bangladesh, arsenic contamination of groundwater is believed to cause arsenicrelated disorders in 80% of the population (Alam et al., 2002; Das et al., 2004) . Arsenic can be introduced to food through plant uptake in soil contaminated by groundwater or irrigation water. Chili (Capsicum frutescence) contains Vit-A and Vit-C. It is a very popular and essential spice in our country. In Bangladesh, about 294245 acres of land was under chili (winter) cultivation and 22362 hectares of land was under summer variety cultivation. Moreover, total production for winter and summer varieties were about 130715 and 23240 metric tons, respectively (BBS, 2007) . Arbuscular Mycorrhizal (AM) fungi are vital components of nearly all terrestrial ecosystems, forming mutually beneficial (mutualistic) symbiosis with the roots of around 80% of vascular plants and often increasing phosphate (P) uptake and growth. Since the association is mutualistic, 636 ELAHI et al.
both organisms take benefit from the association. The fungus receives carbohydrates (sugars) and growth factors from the plant, which in turn receives many benefits including increased nutrient absorption. In this association, the fungus takes over the role of the plant's root hairs and acts as an extension of the root system. Thus it increases the surface area of plant root systems, greatly facilitating uptake of soil water and nutrients, especially in harsh conditions. In particular AM fungi can greatly enhance the uptake of Po 4 + as well as NH 4 + , K + , and NO 3 - (Marschner and Dell, 1994; Hayman,1983) . The external fungal hyphae act as a bridge transporting slow diffusing nutrients like P more effectively than those of non-mycorrhizal ones. As a chemical analogue of phosphate, arsenic competes with P in the soil and during plant uptake from the external because both elements are taken up via the phosphate transport systems (Meharg and Macnair, 1992; Cao et al., 2003) . Recently, it has been demonstrated that mycorrhiza and phosphate fertilizers can protect plants grown in arsenic contaminated soils. The mechanisms proposed include the tolerance of higher plants to arsenate through down regulated arsenate/ phosphate transporters in the epidermis and root hairs (Meharg and Cairney, 1999; Gonzalez-Chavez et al., 2002) , to reduce the uptake of arsenic, and up regulated low affinity of phosphate transporters located in the membrane fraction of mycorrhizal roots (Harrison et al., 2002) , to take up more P for better growth. There is also growing evidence that mycorrhizal fungi may alleviate metal or metalloid toxicity to the host plant by acting as a barrier to uptake (Leyval et al., 1997) . The underlying mechanism is thought to be the binding capacity of fungal hyphae which immobilize the metals in or near the roots and thus depresses translocation to the shoots (Bradley et al., 1981; Brown and Wilkins 1985; Wasserman et al., 1987) . All the chemical and physical parameters show positive response to AMF inoculation. Moreover, higher nutrient uptake and less arsenic content are recorded in mycorrhiza inoculated plants (Saha, 2008) .The objectives of the present study were set to assess the role of AMF on plant growth and nutrient uptake by chili and /or the interaction of arsenic and mycorrhiza on different physical and chemical growth parameters of chili plants.
Materials and Method
A survey was conducted in the agronomy field of Sher-e-Bangla Agricultural University in February 2008 to collect natural inoculum of mycorrhiza. Many root samples of different plants were stained according to Koske and Gemma (1989) with some modifications (Mridha et al., 1999) . Among all the root samples, Leucas aspara showed the highest percentage of infection of mycorrhiza. For the preparation of 1000 ppm arsenic solution, 4 g sodium hydroxide, 1.32 g arsenic powder and 10% HC1 were used. 10 ppm, 100 ppm and 500 ppm arsenic solution were prepared. 2 kg soil (in composition with 10 % sand and 90% soil) was sterilized with 0.05 % formaldehyde solution which was poured in poly bags mixing 25 g root inoculum and 100 g soil inoculum of mycorrhiza. Then arsenic solution of different concentrations (10 ppm, 100 ppm, and 500 ppm) was mixed with the poly bag soil and then the next day, chili seeds were sown in poly bags. The experiment was conducted following CRD with seven treatments (T 1 = Control, T 2 = 10 ppm arsenic solution, T 3 = 10 ppm arsenic solution + mycorrhiza, T 4 = 100 ppm arsenic solution, T 5 = 100 ppm arsenic solution+ mycorrhiza, T 6 = 500 ppm arsenic solution, T 7 = 500 ppm arsenic solution + mycorrhiza), and 5 replications. Data were recorded on seedling emergence (%) (7 DAS, 10 DAS, and 15 DAS), shoot fresh and dry weight (g) (30 DAS, 45 DAS, and 60 DAS), root fresh and dry weight (g) (30 DAS, 45 DAS, and 60 DAS), shoot and root length (cm) (30 DAS, 45 DAs, and 60 DAS). Chemical analyses were done for the determination of P, K, S, N, and As by using Spectrophotometer, Flame photometer, micro-Kjeldahl method, and Hybrid Generation Atomic Absorption Spectrophotometer. Moreover, Chlorophyll content was determined with the help of Spectrophotometer by using this following formula:
In this experiment, all data were analyzed in the computer using MSTAT package Program and mean difference was measured by DMRT.
Results and Discussion

Seedling emergence
Arsenic solution reduced seedling emergence of chili at 10 and 15 DAS in all the concentration tested (Table 1) , but it increased when mycorrhiza was inoculated in the arsenic amended soil. The highest seedling emergence was recorded under the treatment T3 (100 ppm Arsenic + mycorrhiza) as compared to control. Very limited works have been done so far on response of seedling emergence of chili under different levels of soil As. Saha (2008) reported that AMF inoculation significantly increased seedling emergence of tomato and radish grown in arsenic contaminated soil. The findings of the present study are also supported by Akhter (2008) .
Shoot and root length
The influence of AMF inoculation on shoot and root length of chili, seeds sown in soil amended soil with different concentrations of arsenic solution are shown in Table 2 . The data were varied significantly at different concentrations. The shoot and root length were recorded at 30, 45 and 60 days after sowing. The highest shoot height was recorded in T 3 treatment at 60 DAS. In case of root length the performance of mycorrhizal treatment T 3 (10 ppm arsenic solution + mycorrhiza) was the best (16.73 cm and 17.83 cm at 45 DAS and 60 DAS, respectively). The lowest root length of chili plant was recorded in treatment T 6 (500 ppm arsenic solution) and those were 12.33 cm and 14.40 cm at 45 DAS and 60 DAS, respectively. During those periods, the shoot and root lengths decreased with the increase of arsenic concentration. In most cases, the treatment T 7 exhibited the lowest value. That is, shoot and root lengths decreased with increase of arsenic concentration. Present findings are in agreement with Matsubara et al. (1994) who investigated the effects of inoculation with vesicular-arbuscular mycorrhizal fungi (Glomus etunicatum or Glornus intraradices) on seedling growth of 17 vegetable crop species and reported that the growth was noticeably enhanced by VAMF inoculation to spinach, water spinach, Indian spinach, white gourd and cucumber. 
DAS = Days After Sowing
T 1 = Control, T 2 = 10 ppm arsenic solution, T 3 = 10 ppm arsenic solution + mycorrhiza, T 4 = 100 ppm arsenic solution, T 5 = 100 ppm arsenic solution + mycorrhiza, T 6 = 500 ppm arsenic solution, T 7 = 500 ppm arsenic solution + mycorrhiza
Fresh and dry weight of shoot and root
The influence of AMF inoculation on fresh and dry weight of shoot and root of chili at different growth periods in soil amended with different concentrations of arsenic solution are presented in Table 3 . The highest fresh weight of chili shoot was recorded in treatment T 3 followed by treatment T 2 , T 5 and the lowest was recorded in treatment T 7 at 30 DAS, 45 DAS and 60 DAS. On the other hand, treatment T 3 (10 ppm arsenic solution + mycorrhiza ) gave the highest value in case of fresh weight of root and those were 3.77 g, 4.16 g and 6.17 g at 30 DAS, 639 45 DAS and 60 DAS, respectively, which is significantly better compared to the other treatments. Similar results were reported by Tarafdar and Parveen (1996) . In case of treatment T 2 and T 4 , it clearly showed that with the increase of arsenic concentration, the fresh weight of shoot and fresh weight of root of chili decreased. In case of only As treatment 12 (10 ppm arsenic solution), the fresh weight of shoot and root of chili at 60 DAS was 11.14 g and 2.88 g, respectively, but increased up to 3.18 g and 6.17 g when mycorrhiza was inoculated with 10 ppm As solution. Fresh weight of shoot and root increased when the plants were inoculated with AMF (Matsurba et al., 1994) . Dry weight of shoot and root of chili at 60 DAS was highly significant for treatment T 3 (10 ppm Aresnic solution + Mycorrhiza) followed by T 5 (100 ppm Arsenic solution + mycorrhiza) whereas, dry weight shoot and root was the lowest in treatment T 2 (10 ppm Arsenic solution). At 30, 45, and 60 DAS, the shoot dry weight of chili were 3.28 g, 3.62 g and 4.35 g, respectively, and the root dry weight of chili were 1.07 g, 1.29 g, and 2.34 g over the same DAS which corroborate with the findings of Carling and Brown (1980) . A similar result was also reported by Agely et al. (2005) . He found that the AM fungi not only tolerate arsenic amendment, but their presence increased dry mass at the highest arsenic application rate.
Nutrient uptake, arsenic concentration and chlorophyll content
The inoculation of Arbuscular mycorrhizal fungi in response to nutrient uptake (N, P, K, and S), arsenic uptake and chlorophyll content by chili shoots at 60 DAS is represented in Table 4 . The highest nutrient uptake was recorded in treatment T3 (10 ppm Arsenic solution + mycorrhiza) and those were 2.33 % total N, 2.03 % P, 1.38 % K and 1.21 % S and the lowest result was found in treatment 16 (500 ppm Arsenic solution) and those were 1.41 % total N, 0.99 % P, 0.69 % K and 0.14 % S. The lowest amount of arsenic was found in treatment T3 (10 ppm arsenic solution + mycorrhiza) and that was 89.67 ppm on the other hand the highest amount was found in treatment T 5 (500 ppm arsenic solution) and that was 289.3 ppm. Between the treatment T 2 and T 3, the amount of arsenic was higher in treatment T 2 and that was 251.3 ppm but inoculation of mycorrhiza on that treatment the amount decreased significantly to 89.67 ppm. In addition, In case of chlorophyll content by shoots of chili the lowest amount of chlorophyll was found in treatment T 7 (500 ppm arsenic solution + mycorrhiza) followed by treatment T 6 ( 500 ppm Arsenic solution) whereas, in treatment T 3 (10 ppm arsenic solution + mycorrhiza) chlorophyll content was 0.4197 ppm which is the highest in compared to other treatments. Similar result was reported by Dong et al. (2007) . VAM fungi inoculation increases nutrient absorption is also supported by Khan at el. (1995) . T 1 = Control, T 2 = 10 ppm arsenic solution, T 3 = 10 ppm arsenic solution + mycorrhiza, T 4 = 100 ppm arsenic solution, T 5 = 100 ppm arsenic solution+ mycorrhiza, T 6 = 500 ppm arsenic solution, T 7 = 500 ppm arsenic solution+ mycorrhiza DAS= Days After Sowing T 1 = Control, T 2 = 10 ppm arsenic solution, T 3 = 10 ppm arsenic solution + mycorrhiza, T 4 = 100 ppm arsenic solution, T 5 = 100 ppm arsenic solution + mycorrhiza, T 6 = 500 ppm arsenic solution, T 7 = 500 ppm arsenic solution + mycorrhiza
Conclusion
Bangladesh is one of the most densely populated countries and crop production needs to be increased through low inputs method. Mycorrhizal technology would be least expensive, simple, and nature farming technology. Increased crop production and decreased arsenic toxicity of chili has particularly importance for human health and suggests that mycorrhizal inoculation may contribute to minimize arsenic through consumption of chili grown in arsenic contaminated areas of Bangladesh.
